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burning. Only a few weeks of dry weather, with the
sun well in the zenith, and hence its rays essentiall

vertical, are sufficient to make the grasses dry enoug
for ready combustion. In northeastern Minnesota,
where the annual precipitation is about the same as that
in the llanos, namely, 750 to 1,000 mm., the rainy season
occurs during the summer months, with a primary
maximum in June and secondary maximum in September.
Yet during late October and November forest and
prairie fires are not uncommon. It is true that the
pine trees invite fire, but the grasses are probably us
succulent as those of the llanos and even these burn
readily after a short dry season.

The vegetation of the llanos, therefore, throws little
light on the amount of rainfall, and the amount of
rainfall so far as it is known does not in itself seem to
account for the vegetation. For the present, and until
observations through a series of years become available,
the assumption remains that the rainfall of the dry
season is due to the moisture carried inland by the
northeast trades, encouraged as it were, to penetrate
so considerable a distance, by the trough formed between
the Cordillera Oriental and the Guiana highlands,
combined with local excessive heating which induces
a lower pressure than that existing to the northeastward
of the area. The wet season results from a northerly
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SYNOPSIS.

The following is a discussion of a few graphs showing the monthly
distribution of rainfall at selected stations in Latin America. These
have been grouped as follows:

1. Mexico, Central America, and the West Indies.

2. Western coast of South America (3 sections).

3. Northeastern South America and the basin of the Amazon.

4. Eastern South America, Brazil, Argentina, Paraguay. and Uru-
guay.

INTRODUCTION.

The accompanying graphs were prepared to supple-
ment Van Clegf’s ¥ai§fa%ri III:apS ublisphe in this REVIEW.
It is of interest to note the effects of the precipitation
controls of Latin America, not only on the annual and
seasonal distribution of rainfall, but also the preciptia-
tion from month to month.

~ Twenty-five representative stations® were selocted,
embracing the various types of rainfall found through-
out the region. The effects of prevailing winds, shifting
wind belts, mountains, and ocean currents is to produce
a diversity of rainfall types. When we correlate the
geographic coordinates of various localities with the
climatic controls mentioned above, the explanation of
the different types usually becomes apparent. The
characteristic distribution and climatic factors affecting
these types are discussed.

Mezxarco, Central America, and the West Indies.—QOver
this entire area the most important of the precipitation
controls is the northeast trade, with its characteristic
winter maximum on windward coasts and mountains.

! The prepar.tion of this paper was begun in connevtion with a course in “ Climatos

tlagzt;lhe World " .-onducted by Prof. C. F. Brooks, at Clark University Summer School
3 In order to get the longest normals convenicntly avallable, the following were referred

to:
(a; Hann’s Hendbuch der Klimatolugie, Stuttgart, 1908-1911, vols. 2 and 3.
(g Voss: Niederschagsverhditnisse von Sildamerika, Petermanns Mitteilungen, Cotha,

1t'is recognized that the averages given are in some cases based on.short records, but
it is obvious that the essential characteristics of longer records, with respect to seasonal
distribution of rainfall, wounld be the same.
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extension of the doldrums during June, July, and August.
These, however, are probably not so effective as farther
south, owing to the intensity of local convection, which
may be sufficient to carry moisture to elevations of over
15,000 feet where strong westerly winds of the upfper
air circulation can carry the water vapor away before
condensation is accomphshed.

No mention is made in the literature, of a local
mountain wind from the Cordillera Oriental correspond-
ing to the chinook of North America or the bora of the
Adriatic. It seems possible that a local wind resultin
from differences in temperature between the crests o
mountains and the plains below might develop during
the doldrum period, when convection is strong over the

lains. An accumulation of cold air on the mountains
in sufficient masses could gain large momentum moving
down the rather steep slopes and develop into evaporating
winds of consequence. This would tend to counteract
some of the precipitation which normally should fall in
quantity under the doldrum influence. urther explor-
ation of the area might reveal the presence of such winds.

The question, then, of the cause of the apparent
dryness of the llanos and the absence of trees in inter-
stream areas must remain in the hypothetical stage.
The statements here offered are presented as suggestions
and possible bases for further inquiry.

LATIN-AMERICAN RAINFALL.!
0. Werrz.

, Nov. 15, 192L.]

The southern part, however, especially the leeward
shores (cf. Panama), is subject to the midsummer con-
vectional rains accompanying the northern position of
the heat equator belt of calms (doldrums).

In most of Mexico the annual minimum comes during
the winter and early spring, the region being too far
south to be affected much by the southern extensions of
strong extra-tropical Lows. The maximum comes late
in summer, the moisture for these convectional rains
coming from the Gulf of Mexico. Mexican rainfall ma
be described as the marginal tropical type, the trade-belt
rains being affected * by the migration of the equatorial
rain belt with the northward and southward movement
of the sun. During this time the trades seem to strike
the windward coast from a more easterly direction than
during the winter, when they blow from the northeast
and have a drying influence.

In the West Indies the principal control is the north-
cast trade. Owing to the east-west trend of the moun-
tains in Cuba, Santo Domingo, and Porto Rico, the
northern and eastern coasts are much moister than the
southern coasts, and the monthly distribution on the
windward side of the mountains is also more equable
than on the lee side. The minimum occurs in February,
with another secondary minimum in midsummer, when
the trades are weakest.

Over the Isthmus of Panama rains are fairly heavy.
Here we again find, considering the Canal Zone as a
whole, two annual rainfall maxima, one in May and the
second in October. The seasonal minimum occurs dur-
ing the first three months, March usually being the driest
month. The rains are, to a large extent, convective,®
thunderstorms being frequent, especially over the Isth-

3 R. DeC. Ward, Climate, G. P, Putnam’s Sons, 1908-1918, pp. $4-85.

¢ F. D. Wilison, The climatology and hydrology of the Panama Canal, Proceedings
International Engineering Congress, San Francisco, Calif., Sept. 20-25, 1915.
47l_ 12!9 G. Cornthwaite, Panama rainfall, MONTHLY WEATHER REVIEW, May, 1919,



OcroBER, 1921, MONTHLY WEATHER REVIEW. 541
MEXICO CITY. MEX. VERA CRUZ. MEX. CORDOBA. MEX. SAN JUAN. P. R. GUANICA, P. R.
19°26' N 99°8' w 19°22' N 96°8' W 18°48' K 96°51' W 18°20' K 66°7 W, 18°15' N 66”15 W
(ALTITUDE "2278 METERS ALTITUDE 15 METERS ALTITUDE §60 METERS ALTITUCE S METERS ALTITUDE 4 METERS
ANNUAL AVERAGE ANNUAL AVERAGE AHNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE
538 MM. 1725 MM. 2E67 MM. 1850 MM. 940 MM.
600 l I 600
500 | L 300
400 : 400
300 300
200 200
'oo F ] a 4. 'l all 318 ‘oo
o LLLL I L LY LLLLT 1 11 it oL,
JFMAMJ JASOND JFMAMJ JASOND JFMAMJ JASOND JFMAMJ JASOND JFMAMJ JASOND.
COLON. C. Z. PANAMA, C. Z. PARAMARIBO, D. G. CAYENNE, F. G. PARA, BRAZIL
9°22'N 7955 w. 8°57' N 79°30' w 5°49' N 55° 49" w. ase' N 52’21’ w 1°27"s 4829’ w.
ALTITUDE 4 METERS ALTITUDE 6 METERS ALTITUDE 10 MEYERS
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE ANNUSL AVERAGE AHNUAL AVERAGE
600 3235 MM. 1436 MM. 2271 MM, 3011 MM, 2204 MM. 600
500 500
400 400
300 - 300
200 [ 200
100 t ; t 1 100
° L1 AT l Ll A I [
JFMAMJ JASOND JFMAMJ JASOND JFMAMJ JASOND JFMAMJJASOND JFMAMJ JASOND
BOGOTA, COLUMBIA QUITO, ECUADOR MANAOS, BRAZIL PERNAMBUCO,BRAZIL SABARA, BRAZIL
3s'n 7414w o°14's 78’32’ w 3"g's 0’0’ w 8°4's 3" st’'w 197°47°s 48”19’ w
ALTITUDE 2660 METERS ALTITUDE 2850 METERS ALTITUDE 40 METERS ALTITUDE 30 METERS ALTITUDE 695 METERS
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE
1614 MM, 1120 MM, 2127 MM. 2005 MM. 1637 MM.
600 600
300 500
400 400
300 300
200 200
100 | ] 1 100
TN IR 111111 IARATH LGN [ 1AAR LU Tl
JFMAMJJASOND JFMAMJIJASOND JFMAMIJJASOND JFMAMJ JASOND JFMAMJ JASOND
LIMA, PERU VALPARAISO, CHILE IASUNCION,PARAGUAY| |BUENOS AIRES, ARG.| | RIO DE JANEIRO.
12°4's 77°1' w 33°1's 71°39' w 25718's $7 40' W 38"37's 8% 22’ W . BRAZIL,
ALTITUDE 158 METERS, ALTITUDE 41 METERS ALTITUDE 1050 METERS ALTITUDE 22 METERS 22°54' 5 43" 20' w
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE ALTITUDE 60 METERS
45 MM, €02 MM, 1415 MM, $30 MM, AN. AVG. 1101 MM,
600 600
500 500
400 400
300 300
200 200
too 4 1 100
) i 1IN TRAT il el T bt
[o] - o
JFMAMJ JASOND JFMAMJJASOND JFMAMJ JASOND JFMAMJ JASOND JFMAMJJASOND
VALDIVIA, CHILE EVANJELISTAS, CHILE SAN JUAN, ARG. BAHIA BLAMCA, ARG.| | FALKLAND ISLANDS
39°49's 7376’ W 52°24's 75°6'w 31°32"s 68°31’' W 38745’ s 62° 11" W 51°a1's s7°42' w
ALTITUDE 1S METERS ALTITUDE 53 METERS ALTITUDE 652 METERS ALTITUDE 15 METERS ALTITUDE 17 METERS
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL "AVERAGE
2667 MM. 2882 WM. 49 MM 530 MM. 633 METERS
600 I 600
500 . 500
400 7 400
300 |I 300
200 — 200
by I
100 Held i : 100
]
0” l !ii II“J lllllllll Illlllllllll o)
JFMAMJ JASOND JFMAMJ JASOND JFMAMJ JASOND JFMAMJJASOND JFMAMIJJASOND

F16. 1.—Latin American rainfall types.



542

mus. A study of curves showing hourly distribution of
rainfall at several stations shows most of the rain falling
in the afternoon, with the maximum at 3 p. m.

Western coast of South America.—For the western
coast of South America three rainfall types are pre-
sented. The first is in the area comprised by the region
whose southern boundary is about 4° south latitude,
and the northern boundary of which is the Isthmus of
Panama. The region has a moderately heavy rainfall
with a well-marked double maximum (Bogota). The
distribution is controlled by the oscillation of the equa-
torial rain belt, the maxima occurring when the sun is
near the zenith and the minima when the sun is farthest
north and south.

The latitudes of the southeast trades along the west
coast have the second type. This region extends from
about 4° south to 30° south latitude and is essentially
rainless. The winds from the east descend the western
slopes of the Andes as dry, hot winds, having dropped
all of their moisture on the eastern slopes. More preva-
lent still is a southerly ® wind blowing parallel to the
coast. This wind blowing over the cool Humboldt Cur-
rent carries but a small amount of moisture, and becomes
drier still as it draws nearer the Equator. South of lati-
tude 30° the rainfall is controlled by the prevailing west-
erlies. Here under the régime of these mositure-laden
winds the annual amounts are heavy. The northern part
(Valdivia) of this region has a well-marked maximum in
June and July (winter) with the maximum of cyclones.
The southern part (Evangelista) does not have this maxi-
mum, the distribution being fairly uniform throughout
the year. The westerlies in these latitudes, popularly
designated as the “roaring forties’’ and the ‘“brave west
winds,” 7 bring a procession of frequent and severe storms
throughout the entire year.

Northeastern South America and the basin of the Ama-
zon.—The rainfall of this region is controlled by the trades
and the seasonal shifting of the thermal equator. The
monthly distribution of rainfall at Georgetown, Parama-
ribo, and Cayenne is very similar, although the annual
total at Cayenne is larger, possibly, on account of its
greater exposure to the northeast winds. The maximum
occurs during the spring with the maximum monthly
amount in May.

Rainfall is plentiful throughout the entire Amazon
Basin. The prevailing winds in this region durinz the

eater part of the year are from the east-northeast.

ese winds are moist when they enter the region, and
the forested Amazon being virtually at times an inland
sea, the atmospheric moisture is maintained or increased
by evaporation. The seasonal maximum throughout the
central part of the basin occurs about a month earlier
than in northeastern Brazil and in the Guianas. It is
interesting to note that the monthly distribution at
Manaos is somewhat analogous to that at Cayenne.

Eastern South America, Brazil, Argentina, Paraguay,
and Uruguay.—The northern part of this region is under
the régime of the southeast trade. On-shore winds from
the southeast and an elevated coast line give Pernambuco
and stations in this region a heavy ra.infsﬁl with a primary
maximum during the winter when the trades are strong-
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est, and a secondary convectional maximum in summer
when the doldrums are south.

Southern Brazil (Sabara and Rio de Janeiro), Bolivia,
Paraguay, and the interior of Argentina are subject to a
sumnier convectional maximum occurring when the dol-
drums are farthest south.

As we reach the latitudes of the westerlies along the
Argentine littoral we find that the annual rainfall is well
distributed throughout the year, March being somewhat
more moist than the other months, and a suggestion of an
annual minimum occurring during July. Over the estu-
ary of the Plate thunderstorms are fairly frequent during
the warmer season, averaging about 7 per month during
December and January. :

Going westward from the Argentine coast there is a
rapid decrease in the annual rainfall, and the Provinces
at the foot of the eastern slope of the Andes (San Juan)
are almost as arid as that part of the west coast in the
latitudes of the southeast trade.

The southern tip of the continent is well watered on
both coasts. Two factors account for the moderate heavy
precipitation of southeastern Patagonia, namely, the low-
erinz of the Andean cordillera,® and the frequent cyclonie
storms of these latitudes.

The graphs and discussion presented herewith have not
coverecff the varied complexity of all rainfall types found
in Latin America. Only the most essential of the rainfall
types have been included and an attempt has been made
to show some of the climatic controls governing these
types.

RAINFALL MAP OF SOUTH AFRICA.
By J. R. Surron.

[Execrpts froma ﬁaper preente:d hefore the Royal Society of South Africa, Oet. 20, 1920,
eprinted from Nuture, London, Dec. 36, 1920, p. 522.]

Africa. The monthly and annual rainfalls for 567
tions in South and East Africa are given, and the resu
shown graphically in 13 maps. The isohyets form a sys-
tem which moves to and fro across the Equator, following
the sun with a lag of a month or more. Corresponding
with the general movements of the main isohyetal system
are the winter rains of the southwest, which advance
inland as the summer rains retreat, and vice versa. The
paper concludes with a short bibliography of special
studies of South African rainfall.

A contribution to the study of the rainfall map 0‘f~§§t‘.};
sta-
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RAINFALL IN GUATEMALA AND SALVADOR IN THE YEARS
1908 TO 1920.

By KARL SAPPER.
[Abhstracted from Mctcorolngische Zeitschrifl, Sept., 1921, pp. 279-251.]

The author has made an attempt to bring together and
unify the climatological data of the Republics of Salvador
and Guatemala, in which countries the war practically
disrupted meteorological work. The following table sum-
marizes the available rainfall records gathered together
from various sources.—C. L. M.

¢ R. DeC. Ward, Climate of South America, Bulletin of the American Geographical
Society, 1903-35?, pp. 333-3A0.
7R. DeC. Ward, C! imare, G. P. Putnem®s $erg 100:-100y, 71 2000

8 R. De(’. Ward, Climate of South America, Bullelin of the American Geographic
Society, 1903, 35350,
1 Regenfull'in den Republikon Guatrmale und EI Salvador in den Jubren 1908 bis 1970,



